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BUNDLING DATABASE 

BACKGROUND INFORMATION 

[0001] Large databases are frequently used to store infor 
mation of all types, such as ?nancial, customer, inventory, 
etc. However, databases are becoming more complex due to, 
for example, increasing number of users, ?elds in the tables, 
and relations betWeen various tables and their items. Access 
to the tables is also limited by various factors, such as disk 
speed and synchronization of calls to a database table. The 
increasing size of the tables and the relations in the corre 
sponding data only decreases the speed and accessibility of 
information from a database table. Computer programs, such 
as ?nancial or banking programs, frequently must access 
databases With millions of processes and objects. If objects 
are processed linearly, the time taken to complete any given 
task Would increase (at least) proportionally to the number 
of objects needed to be processed. This is unacceptable With 
the groWing complexity of processes and calls to the data 
base. HoWever, processing objects in parallel to access a 
database also presents a synchronization problem. TWo 
objects may have a relation betWeen each other (e.g., in an 
example banking context, a loan and its collateral) and have 
to be processed together (eg to calculate the credit risk for 
the loan mitigated by its collateral). These relations can be 
arbitrarily complex, they are not restricted eg to trees With 
a clearly identi?ed root. If tWo objects are processed in 
parallel at the same time this may lead to duplicate results. 
The synchronization needed to avoid the conflicts often 
leads to a decrease in performance that can at Worst be 
sloWer than if the process Was carried out sequentially. This 
synchronization is a particular problem if the parallel pro 
cesses are running on different machines that do not have a 
fast communication path (such as a shared memory) but only 
a netWork connection. A method and system is needed to be 
able to process objects in parallel to decrease the time 
needed, While at the same time avoiding duplicate results. 
The e?iciency gain using a separate bundling algorithm is 
especially signi?cant if the second step (“calculation pro 
cess”) is very processing intensive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1a depicts a broad overvieW of the tWo groups 
of parallel processes. 

[0003] FIG. 1b depicts a system capable of performing the 
processes. 

[0004] FIG. 2 depicts an object vieW of the tWo groups of 
processes. 

[0005] FIG. 3 illustrates an example of an advantage of a 
bundling database. 

[0006] FIG. 4a to 41' illustrate an example bundling pro 
cess starting from the middle of an already running process. 

[0007] FIG. 4j illustrates an alternative result With 
restricted relations. 

[0008] FIG. 5 illustrates the logic and steps an example 
embodiment may use to perform a bundling process and 
related calculations. 

[0009] FIG. 6 illustrates a more detailed vieW of Step 507 
of FIG. 5, the creation of bundles. 
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DETAILED DESCRIPTION 

[0010] To decrease the time needed to run multiple pro 
cesses on a plurality of objects and to avoid synchronization 
problems, an embodiment of the present system bundles 
objects together so that all objects are related (according to 
given settings). The related objects in a bundle are processed 
together in one parallel process because all the objects are 
related in the sense of having dependencies betWeen the data 
of the objects. These dependencies may be different for 
different application domains. HoWever, other bundles, 
Which contain objects unrelated to other bundles, can be 
processed in parallel. The parallel bundles Will never overlap 
because objects in different bundles are unrelated to each 
other (ie in terms of data). For ef?ciency purposes, com 
putations in the second process that may involve data in 
these bundles, e.g., a calculation, (“calculation processes”) 
are also executed in parallel. The terms computation and 
calculation process are used interchangeably and they mean 
the use or manipulation of the data or the relations betWeen 
the data that may be found in the objects. The advantage of 
the bundling process is that read and Write access to the 
database is minimized While providing ef?ciency in the 
calculation process through parallel processing. 

[0011] FIG. 111 provides this general overvieW of an 
embodiment of the present invention. At the start of the 
processing 101 there may be millions of objects that need to 
be manipulated and processed. The bundling process 103 
(only three are shoWn as examples, but there could be n 
number of bundling processes) begins ?rst by dividing the 
objects into different Work packages. The bundle process 
105, performed in parallel, takes the Work packages and 
creates bundles. Unique bundles that are created are placed 
into a Bundle Data Base, Which is a temporary holding 
database that stores these unique bundles. Each bundle 
process is performed in parallel, each processing several 
Work packages. When the bundling process is complete, that 
is all the objects are placed in corresponding unique bundles, 
all of Which contain related objects, the calculation process 
ing 104 commences. Each bundle could be its oWn calcu 
lation process 106 (only three are shoWn as examples, but 
there could be n number of calculation processes), or alter 
natively, each calculation process 106 could process several 
bundles in one package. The calculation processes 106 are 
performed in parallel. When all processing is completed, the 
database can commit all changes and the program can 
indicate that processing is completed 102 and/or report 
errors. 

[0012] FIG. 1b depicts a system capable of performing the 
bundling and calculation processes. One or several comput 
ing devices 107 are connected through a communication 
medium to servers 108 or any device capable of database 
features 109 (only one of each is shoWn for exemplary 
purposes). Parallelization of processes includes the case 
Where parallel processes are being executed on several 
machines in parallel (or on one machine having one or 
several processors). A computing device 107 is any device 
capable of calculation, such as a computer, handheld device, 
laptop, etc. The communication medium 110 could be a 
Wireless signal, a Wire, USB connection, etc. Databases are 
typically housed on servers 108 over a communication 
medium 110 such as a netWork. Databases can also be set up 
on many types of hardWare systems 109 including the 
computing device 107 itself. 
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[0013] FIG. 2 depicts an object vieW of the various pro 
cesses. The overall bundling process 103 begins With a large 
array or group 201 of n number of objects 202. This group 
of objects is distributed 205 to various Work packages 203. 
For ef?ciency purposes, the number of packages 203 should 
ideally be greater than the number of available parallel 
processes. 

[0014] The distribution of objects 205 can be performed 
through various means. For example, objects 202 can be 
distributed randomly to the Work packages 203. Altema 
tively, the distribution process 205 can iterate through the 
array of objects 201 and place each object 202 into a Work 
package 203, repeat the process so that each package has a 
second object, a third, and so forth so that objects 202 are 
evenly distributed among the Work packages 203. Thus, 
object n Would be placed into package number (n mod x). 
Another possible efficient alternative Would be to take a 
range of objects 202 and place the group into Work packages 
203. Thus, the ?rst y objects Would be placed into the ?rst 
Work package, the second y objects Would be in the next 
Work package, and so forth. 

[0015] When the objects 202 are in the various Work 
packages 203, the Work packages are then distributed, much 
like the objects Were, to various parallel bundling processes 
105 Which may reside on different machines. Again, the 
method of distribution of Work packages can be one of many 
types. The Work packages 203 are processed in parallel, each 
is placed in a queue Within one of several parallel bundling 
processes 105. Within each bundling process 105 objects are 
placed 206 in bundles 204 created by the bundling process 
105. The bundles 204 may be later synchroniZed With a 
Bundle Data Base at the end of the processing of the Work 
package 203. 

[0016] Each bundle 204 is unique and contains a unique 
identi?er (UID). The bundle 204 is unique based on the 
objects that are contained and the links and related objects 
associated With that object. The objects are placed 206 in 
bundles 204 based on the UID and the relations betWeen the 
data in the objects. A bundle process 105 accesses an initial 
object and then searches through the various links to deter 
mine related objects that could be a?fected by a manipulation 
of the data in the initial object. The search method to ?nd all 
associated objects/links can be any number of search algo 
rithms, such as a breadth-?rst search, depth-?rst search, 
iterative-deepening search, etc. When the associations of the 
bundle 204 are determined, a unique ID is determined, either 
from a hash function, or any other algorithm or function that 
can receive input and produce a unique ID that is stable, i.e. 
produces the same ID given the same bundle consisting of 
objects and relations. The input can be values taken from the 
relations of the object, or another possible alternative is to 
use variables associated With characteristics of the objects 
202 or bundles 204. Each bundle 204 also contains the 
values of the relations and links betWeen the various objects 
associated With the bundle 204. Each unique bundle 204 is 
placed into a Bundle Data Base so that each bundle in a 
database has a UID. 

[0017] An advantage of the bundling database is that the 
elimination of duplicates may be achieved by deriving a 
UID of the bundle from its content. Most duplicates can be 
prevented by checking at the beginning of each package 
Whether the objects in the package are contained in an 
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already calculated bundle. This does not eliminate all dupli 
cates but since the processing time of building a bundle once 
the data is read is signi?cantly less than that of the com 
munication done to access a Bundle Data Base some dupli 
cation is alloWed in this step before saving the data in the 
Bundle Data Base. If this Were not the case, then synchro 
niZation may occur While bundles are being created. 

[0018] The bundling process 105 processes all objects in 
a Work package, and When all relations and bundles have 
been determined, a synchronization step occurs to prevent 
duplicates in the bundling database. During the synchroni 
Zation step, any bundles that already exist in the Bundle Data 
Base are not placed in the Bundle Data Base, but rather they 
are discarded. Since the creation of duplicates is extremely 
rare under normal circumstances, the discard step could be 
done on the database side. After all bundles have been 
created the calculation process 106 begins in parallel. The 
bundles 204 can be distributed, much like the objects and 
Work packages, by various methods and placed into parallel 
calculation processes. Due to the UIDs of the bundles, all the 
calculations can be done Without a Worry of synchronization 
because all related objects (With related data) are processed 
together linearly in one parallel process. 

[0019] FIG. 3 illustrates an example of an advantage of a 
bundling database. The bundling database takes a ?rst 
plurality of objects containing data that may depend on data 
in a second plurality of objects. The bundling database 
creates bundles of objects and thus processes them together 
as a group. For example, in a ?nancial context, speci?cally 
in the business context of credit risk calculation for a bank, 
banks may calculate credit risk both to asses their internal 
risk (e.g., to adjust their risk premiums) and to comply With 
regulatory and disclosure requirements, for example in a 
Basel II frameWork. In this scenario, exposures (e.g., loans) 
and their respective collateral (e.g., guarantees or collateral 
contracts referring to assets such as houses (physical assets)) 
are calculated (i.e. in this example, used to mean actual 
mathematical calculations When done in the calculation 
processing step) together using additional data (not relevant 
for bundling) from other objects such as the business partner 
(Which carries a rating indicating the risk of default). This 
list is not complete, eg for the trading book, there addi 
tionally are bundling-relevant netting agreements grouping 
several exposures that have to be calculated together. 

[0020] For example, the data contained in FIG. 3 Would 
represent relations and data that Would be found in a single 
bundle. In FIG. 3, relations 308 represent Where Customer 
A 309 has a loan With a Bank C (not shoWn). Relations 307 
represent Where Customer A 309 has facilities (eg a frame 
contract) With Bank C (not shoWn). Relation 313 is Where 
Customer A’s assets are provided as collateral to Bank C 
(not shoWn). There are other relations (dotted) that are not 
relevant for bundling in this context but could be in others: 
Relation 311 indicates that the facility Was agreed upon With 
Bank C and a $0.8 million and $1.3 million loan are taken 
out by Customer A 309. Relation 312 indicates that guar 
antee 304 is provided by Bank B. Relation 314 indicates that 
a collateral contract 303 belongs to business partner Cus 
tomer A 309. Bank C (not shoWn) may use these objects/ 
contracts to calculate their credit risk is not shoWn in the 
picture. Bank B is (from Bank Cs perspective) just another 
business partner that provides collateral (in this case, a 
guarantee). 
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[0021] FIG. 3 illustrates the example Where a Bank C (not 
shown) may have a facility 300 With a Customer A 309 over 
$5 million that Customer A 309 has secured to build neW 
of?ce buildings. Of these $5 million, $0.8 million are draWn 
301 via one contract (to buy the property) and $1.3 million 
are taken out 302 via a second contract a bit later to build the 
?rst building. In order to get the facility over $5 million 300 
from Bank C, Customer A 309 has provided collateral: a 
second property 305 as an asset to a collateral contract 303 
as Well as a part of the company’s truck ?eet 306 as assets 
to the same collateral contract 303. Unfortunately, Customer 
A’s rating has since deteriorated, but Customer A 309 has 
managed to get Bank B 310 to provide a guarantee 304 over 
$0.3 million toWards the second loan (only). From a credit 
risk perspective, all these objects (facility, loans, collateral 
contract, assets, guarantee) have to be processed together 
since some objects create risk (e.g., loans 301 and 302 draWn 
from facility 300) and some get risk transferred to (e.g., 
guarantee 304) and their relations/correlations have to be 
taken into account (e.g., a maturity mismatch betWeen 300 
and 303 resulting in less credit risk getting transferred). Data 
from other objects (e.g., business partner rating, market 
data) is also read but are not relevant for bundling for this 
concrete scenario (i.e., not all loans of a business partner 
have to be processed together). 

[0022] In another business scenario, e.g. calculating the 
default probability of a business partner, other bundling 
criteria may be de?ned (e. g., all loans and guarantees of one 
particular business partner Would form one bundle). In the 
example shoWn in FIG. 3, this Would result in taking the 
dotted lines into account. Or, for internal purposes, a bank 
may select to take other correlations into account to calcu 
late additional credit risk key ?gures. For example, in order 
to calculate country risk, relations from loans to collateral 
that cross certain country boundaries Would have to be 
ignored. While the examples provided are in the ?eld of 
business, embodiments of bundling databases may be 
applied to objects that contain relations betWeen data in 
other ?elds as Well. 

[0023] FIGS. 4a to 4i illustrate an example bundling 
process starting from the middle of an already running 
process (i.e. some Work packages have already been pro 
cessed). The ?gures shoW an example With four parallel 
bundling processes; hoWever, it is possible in other embodi 
ments to have signi?cantly more than four parallel pro 
cesses. These processes can be executed on one or several 

machines. FIG. 4a shoWs the set of business objects to be 
processed, Where all nodes (used interchangeably With the 
Word “object”) of the number 400 are the initial selection, 
meaning that at the beginning of a process only the nodes 
labeled 400 are knoWn by the Work package. The knoWn 
nodes are assigned the processes but not yet processed. 
Nodes of number 401 are simply unknoWn nodes that Will 
later be discovered by the iterative search for related nodes. 
Even though there are unknoWn nodes 401, they are easily 
discoverable because each node contains information 
regarding all related nodes. Thus, an advantage of the 
bundled database is that all the nodes are able to retrieve 
relations in both objects (i.e. all links from a node and all 
links to a node). 

[0024] FIG. 4b illustrates an example Where nodes of the 
number 402 are nodes that are identi?ed as already having 
been processed in a previous Work package and thus can be 

Jun. 21, 2007 

eliminated before the process, in this example Process 4, 
even starts. Synchronization of the bundles is done before 
and after each Work package is processed. 

[0025] FIG. 40 illustrates an example ?rst step of a bun 
dling process. Nodes With the number 403 are nodes that are 
currently under investigation by each process. In the 
example, a ?rst bundle is found 405 in Process 2 as it the 
node has no relations to any other node. Thus a ?rst bundle 
is created, a UID assigned, and the node placed in the neWly 
created bundle. The ?rst bundle is then placed in the Bundle 
Data Base. As each neW bundle is found and created it may 
be placed in the Bundle Data Base. In one example embodi 
ment, it is possible that the calculation process Would not 
Wait until all bundling is completed. If the computations 
required are not processor intensive, the second bundling 
and calculation step may not be required. In this situation, 
the bundles may be processed for computations or any other 
operations as soon as they are created. Thus, it may be 
possible for the ?rst bundle to be processed as soon as it is 
recogniZed as being a complete bundle (i.e. not having any 
other relations to be checked). 

[0026] FIG. 4d illustrates an example second step of a 
bundling process. The node 404 represents nodes that have 
already been investigated. In the ?gure, all the nodes that 
had been 403 in the previous step are currently 404 nodes, 
and a related node is a 403 node, as the related nodes are 
currently under investigation. In Process 4 a second bundle 
is found 406 as all the links that exist betWeen the nodes are 
found. 

[0027] FIG. 4e illustrates an example third step of a 
bundling process. Once again, all nodes numbered 404 
represent nodes that have already been investigated. Nodes 
that are numbered 403 are nodes that are currently investi 
gated. A third bundle is found 407 in Process 3 and a fourth, 
bundle is found 408 by Process 1. Process 2 may investigate 
the nodes that are in Process 1 and create its oWn bundle; 
hoWever, the placement of the neWly created bundles placed 
in the Bundle Data Base depends on Which Work package 
?nishes ?rst. If Process 1 completes its Work package ?rst 
and places the bundle into the Bundle Data Base, When 
Process 2 completes its Work package and discovers that it 
has a redundant bundle, it Will discard the bundle it created. 
On the other hand, if Process 2 completes its Work package 
before Process 1, the neWly created bundle of Process 2 Will 
be placed in the Bundle Data Base. Then, When Process 1 
completes its Work package it Will discard the redundant 
bundle that it created. This is true if nodes Were also to span 
across more than one other process. Whichever process 
?nishes ?rst Will place its neWly created bundle into the 
Bundle Data Base, and other process that ?nish later Will 
discard their redundant bundles. 

[0028] FIG. 4f illustrates an example fourth step of a 
bundling process. The arroW in 409 indicates that it is 
possible that in one example embodiment of the bundling 
database that multiple processes are ?nding the same 
bundle. This only happens if the tWo processes run concur 
rently, not When the ?rst process has already Written the 
package containing the bundle to the bundle data base. In the 
case of FIG. 4f (step 409) case, the duplicate bundles are 
eliminated at the end of the package in the synchronization 
step. Another example of this occurs in FIG. 41'. 

[0029] FIG. 4g illustrates an example ?fth step of a 
bundling process. A ?fth bundle is found 410 in Process 1, 






